The research reported here sought to more fully understand the types and causative factors of injury/fatality incidents resulting from the rearward-movement of tractors and other self-propelled agricultural machinery, with the view that such findings might lead to the development, improvement, and/or better utilization of safety procedures, design principles, and technologies that would prevent-or at least markedly reduce-their occurrence. Thus, the scope of this study focused only on rearward-travel (not mechanical malfunction) incidents, and principally on agricultural equipment (although cases involving similar equipment in industrial or construction settings were also drawn upon). Applying these two criteria, a search of published and online sources uncovered more than 100 documented cases, 35 of which could clearly be identified as rearward-movement incidents, of which 28 (80%) were fatal. Each of these 35 cases were then assessed, based on the type of machine, type of worksite, and type/description of incident (i.e., 'scenario'), which fell into one of three distinct categories or classifications-(1) co-worker run over/crushed/otherwise injured because operator loses visual contact with co-worker; (2) bystander run over/crushed/otherwise injured because operator is unaware of bystander's presence; and (3) operator run over/crushed/otherwise injured because operator loses visual contact with, or is unaware of, a stationary object or a hazard. Then, from each scenario, a representative incident (i.e., case study) was selected for a more in-depth analysis. The collective findings, from these three case studies and all 35 machinery rearward-movement incidents, were as follows: (1) The 'victim' could be the machine operator as well as a co-worker or a bystander; (2) The specific site of the co-worker or bystander injury/fatality was at the base of the machine's rear tires or tracks, at the hitching point, or behind a towed implement; (3) The specific cause was loss of visual contact between the operator and co-worker/bystander due to visual obstruction, the operator's physical limitations, or the operator's and/or bystander's lack of alertness. To reduce the likelihood of future occurrences of agricultural machinery rearward travel-related incidents, preventive measures aimed at addressing the key causative factors for each scenario are offered.
Introduction
Attention given to rearward motion-related runovers of persons (particularly children) present in 'blind spots' behind motor vehicles, has raised the question of the impact of similar events involving agricultural machinery [1, 2] . Such equipment is not covered by current motor vehicle regulations, or by OSHA workplace safety standards that are enforced in the construction industry [3] . A search for the sources of agricultural injury data revealed few reports that specifically addressed incidents involving the runover or crushing of bystanders and co-workers in the rearward path of agricultural machines, especially those that, by their design, limited the operator's rearward vision. No published summary of this data was found. However, incidents were identified in on-line reports in which runover/crushing occurred, mainly due to the loss of visual contact between the operator and an individual in close proximity of the machine, or due to an object in the rearward path of the machine. Examples of such machines are larger tractors, combines, skid-steer loaders, and self-propelled sprayers.
This article attempts to (1) enumerate the risks associated with the rearward travel of agricultural machinery; (2) identify the similarities in documented incidents that would aid in recognition of the contributing factors; and (3) suggest possible solutions for reducing future occurrences. Some 35 case studies are summarized and, based on analysis, recommendations are made. For example, the necessity of operator 'walk-arounds' prior to moving large machinery was emphasized.
Background
An extensive review of the literature was conducted, including published and online data related to runover/crushing incidents involving motor vehicles, construction equipment, loading docks, and agricultural equipment. Key causative factors, recommended operator preventive practices, and assistive technologies were identified, that could be significant in agricultural settings. Case studies involving agricultural equipment were extracted and examined from those documented incidents that reflected the most frequent type of injury/fatality-causing situations.
No publically accessible U.S. research was found that specifically reported on the frequency and severity of injuries associated with the rearward travel of agricultural equipment. A review of the data sources that did distinguish between the types of machinery incidents, revealed that no cases separated the 'rearward runovers', from the broader category of 'runovers.' In many of the reported cases, the direction of travel of the machinery could not be determined.
Even though, for several decades, the problems relating to rearward runover/crushing have been well understood in the mining and construction industries, this understanding has apparently not 'transitioned' to agricultural workplaces. For example, OSHA standards have, for many years, required audible backup alarms on equipment used at manufacturing and construction sites; however, agricultural equipment is generally exempt from those requirements [3] . Consequently, almost no agricultural machines currently being sold in the U.S. are equipped with such devices; whereas similar (even the same) equipment being sold in the European market is likely to be so equipped, because of both Europe's health and safety standards, and corporate insurer mandates [4] .
According to the U.S. Bureau of Labor Statistics, agriculture ranks as having the highest fatal work injury rate of any industry-22.2 persons per 100,000 full-time equivalent workers [5] . Agricultural machinery was identified as the primary cause of most farm work-related fatalities, with runover or crushing being the second most frequent type of machinery-related fatal incidents, exceeded only by tractor rollovers [6] . In most documented runover incidents, the victim fell from the machine and was run over by either the machine itself, or the trailing implement; yet in other cases, the operator failed to see a co-worker or bystander before initiating the rearward movement. The proportion of these incidents involving rearward travel could not be ascertained from the reports, due to a lack of information.
Methods and Findings

Identified Rearward Movement-Related Incidents
Cases were obtained via facilitation of a news clipping service, focused searches of obituaries, news outlets (radio, television, newspaper and web-based), U.S. governmental agency databases (OSHA, DOL, NIOSH), records of post-civil litigation, and university sponsored agricultural incident databases. The search for documented incidents was primarily focused in the U.S.; however, two international
• Scenario 1. Incident in which the operator loses visual contact with a known assistant/co-worker to the rear of the machine during backup, resulting in runover or crushing of the assistant/co-worker.
• Scenario 2. Incident in which the operator is unaware of a bystander being present to the rear of the machine during backup, resulting in runover or crushing of the bystander.
• Scenario 3. Incident involving the operator only, in which he/she backs the machine into a stationary object (e.g., building, tree, other equipment) or hazard (e.g., overhead power line, ditch), resulting in severe injury or death of the operator.
Although by no means comprehensive, these 35 documented cases, collected from 1992-2016 (with 75% of the incidents occurring within the past 10 years), yielded sufficient data to allow an analysis that would provide a better understanding of the issues. Considering that 80% of the documented cases were fatal, it is believed that a much larger number of non-fatal incidents go unreported, or cannot be identified from the available data. Tables 1-3 represent cases identified in Scenarios 1, 2 and 3, respectively. 
Representative Scenario Cases Studies
Of the 35 cases reviewed, one from each of the three scenarios was selected as being representative of the results common to the other incidents in that scenario, and is summarized below (incident location and victim identity are excluded for privacy reasons):
• Scenario 1 example. On 3 May 2013, an 81-year-old man died after being backed over by a tractor, operated by a 68-year-old male. The victim was helping to hitch a mowing attachment when the operator lost visual contact with him as he (the assistant) lost his balance and fell. The county coroner said, "He was crushed when the tractor backed over the top of him. He died instantly" [7] .
• Scenario 2 example. On 9 September 2010, a 1-year old died after being backed over by a tractor, operated by his father. The victim was playing nearby with his siblings and under supervision of their mother, while the father was doing landscaping work around their home. The mother had briefly walked away and, unbeknownst to the father, the victim stepped into the space behind the tractor, which resulted in the incident [8] .
• Scenario 3 example. On 3 November 2014, a 65-year-old man, who was moving a big round hay bale with a tractor in reverse, could not see the aluminum round-bale feeding ring behind him, because the bale was obstructing his view. The county sheriff spokesman said that when backing up, the tractor rolled over the feeding ring, causing it (the ring) to spring up off the ground, striking the operator in the head. Despite the victim's wife being present, she could do nothing to revive him [9] .
Case Study Demographics
When subdivided by scenario type (Figure 1 ), the majority (54%) of incidents occurred when the operator was unaware of the presence of a bystander. This often involved the presence of a young child or co-worker who were in a reportedly unsafe location, were poorly trained on the dangers of their surroundings, or assumed that the operator was aware of their presence. The second most frequent incident scenario resulted from the loss of visual contact with a known co-worker. Often, the co-worker was portrayed as not having followed proper hitching instructions from the operator, or had rushed the intended task (did not wait to establish proper communication with the operator). While heightened levels of operator visibility would not affect all of the actions of a co-worker, it would conceivably allow for a quicker reaction to dangerous situations. Lastly, incidents involving only the operator, commonly involved an individual with a high level of experience, who appeared to be complacent with the surrounding dangers, as many of the tasks being performed by the operator were repetitive in nature.
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Of all cases collected, 80% were fatal, with 6% of the fatalities/injuries being female, who make up 14% of the principal farm operators in the U.S. [10] . While all of the machines identified in this study were common types that would be found on U.S. farms, 63% of the cases occurred in agricultural settings.
Discussion and Recommendations
Relative to all 35 identified rearward-runover/crushing incidents, the most common recommendations made by various investigating entities, established to assure safe and healthful working conditions for both men and women by focusing on setting and enforcing standards, and by providing training, outreach, education, and assistance. Reducing or eliminating such incidents dealt with the need for operators to notify bystanders, the provision of operator instructions requiring safe rearward travel, the execution of safe work practices, and the use of barriers and technologies. For the above three case studies, the following specific recommendations were developed to address, what was determined as being, the causative factor(s) in each of the representative scenarios:
• Scenario 1 recommendations.
(1) Operator should stop immediately upon losing visual contact with assistant [11] ; (2) Proper hitching methods should be followed [12] ; (3) Assistant should maintain a safe distance from the path of the tractor/implement and should direct operator using hand signals for proper alignment [13] ; (4) . Tractor should be put into park and/or engine shut off when assistant approaches area to complete hitching [12] ; (5) Additional assistive viewing devices, such as mirrors and cameras, should be utilized to eliminate blind spots in dangerous proximity of machinery [14] .
• Scenario 2 recommendations.
(1) All individuals in proximity of machinery should be informed of dangers associated with machine operation via prior training, machine spotter, alarms, etc. [15] ; (2) Additional assistive viewing devices, such as mirrors and cameras, should be utilized to eliminate blind spots in dangerous proximity of machinery [16] ; (3) A backup alarm system would alert individuals of reversing machinery [17] .
• Scenario 3 recommendations.
(1) Additional assistive viewing devices, such as mirrors and cameras, should be utilized to eliminate blind spots in dangerous proximity of machinery [14] ; (2) Tractors should be equipped with a roll-over protective structure [18] ; (3) Addition of a canopy or Forward Overhead Protection System (FOPS) can protect operator from elements and offer additional structure of protection.
All three scenarios include, among the recommendations, the ability to 'notify' (i.e., alert) those individuals most likely to be involved with or near machinery processes-namely, the bystander/assistant and the operator. Following, is a discussion of the most important ways that this can be accomplished for each of these individuals when it comes to machinery rearward movement.
Ways of Alerting the Bystander/Assistant
Backup alarms. Bystanders are perhaps best 'notified' by backup alarms. These devices are required by OSHA in industries that qualify for oversight, and must emit a "signal alarm distinguishable from the surrounding noise level" while machinery is operated in reverse [3] . However, they provide no benefit to the operator and, in fact, may be distracting or overpower sounds that he/she needs to hear; also, they are often disabled, are not repaired if malfunctioned, or become overwhelming or disorienting when multiple-operating machines are present [19] . OSHA standards that require certain operating procedures, such as safely positioned observers, and safety devices such as backup alarms for most worksites, are not enforceable in agricultural operations that employ 10 or fewer people [20] . In other words, this leaves most agricultural workers exposed to a risk of runover, well recognized in other industries.
Safety training. OSHA standard 1926.21(b) (2) reads, "The employer shall instruct each employee in the recognition and avoidance of unsafe conditions and the regulations applicable to his work environment to control or eliminate any hazards or other exposure to illness or injury." In other words, the training of employees to recognize hazards is crucial to their safe working conditions. As noted in OSHA Standard 1926.601(b), this includes hazards associated with the movement of equipment at a worksite [17] . Again, these regulations are not enforceable at most agricultural worksites. Numerous NIOSH FACE reports reviewed for this paper indicated that even though employees were provided such training and safety measures, reviewed on a regular basis, incidents still occurred, indicating a disconnection between reality and an ideal working situation.
Ways of Alerting the Operator
Operators can rely on multiple avenues for detecting hazards in areas surrounding their machines. The simplest of these is a visual examination of the space around the machine. Proven technologies are also available to assist one in observing the surrounding areas (especially rearward), including interior and exterior extended-arm mirrors, proximity detectors, and camera/display monitor systems.
Mirrors. Mirrors are widely used, reliable, inexpensive, and relatively robust, if attached to breakaway mounting fixtures. When properly placed and adjusted, operators were found to work in a more comfortable zone of posture, have higher working rates, have better control of their work, and more quickly detect faults in their equipment [21] . They do have potential drawbacks, however, including image distortion, improper adjustment, and unseen blind spots. Image distortion can be caused by vibration, convexity, and foreign material on the surface [21] . Improper adjustment is a problem because manually adjusting exterior extended-arm mirrors is usually a two-person job, yet still doesn't allow for sufficient view of all critical areas, particularly the hitching zone. Unseen blind spots persist, especially in close proximity to the vehicle and in the hitching area, even with properly adjusted mirrors. Lund et al. reported that, "While (the tractor) driver can make allowances for the poor frontal vision and possibly the rear visibility on either side of the tractor is close to zero, mirrors help but it is easy for a bicycle or motorcycle to be completely out of vision" [22] .
Proximity detectors. Increasingly utilized in the automotive industry, this technology allows for the detection of an obstacle within a calibrated range of its sensors. Audible (and sometime visible) alerts warn the operator of objects within close proximity of the sensor(s) by emitting a beeping tone that beeps faster, until becoming continuous when the object is dangerously close. However, these devices can give false readings where terrain varies and also must be deactivated with an implement in tow. Because varying terrain and the presence of implements are commonplace in farming, agricultural applications of proximity detectors have not been adapted as the best avenue for preventing rearward travel incidents-at least at this point in time.
Camera/display monitor systems. Camera monitoring systems offer users flexibility in placement, durability, ease of use, and affordability-all while efficiently increasing operator visibility to levels that are unattainable with an array of mirrors [16] . Camera systems are currently used in industries such as construction and mining, and will be required on all new U.S. on-highway vehicles under 10,000 pounds by the year 2018 [23] . Agricultural applications allow operators to monitor otherwise low visibility areas surrounding machinery and hitched implements, while maintaining a forward operator posture. Proper placement of one or multiple cameras provides assistance in monitoring the hitching process, tank levels, gauges/instruments, and machine 'faults' often out of view of the operator, and, most importantly, in detecting the presence of any bystanders and hazards.
Noted weaknesses with some camera systems relate to image disorientation, depth-perception, and image clarity. Image disorientation is sometimes encountered while course correcting, based upon the camera display. Otherwise known as 'image mirroring', disorientation occurs because the perceived direction of course correction is the opposite to what appears in the display (similar to reading words in a mirror). Many manufacturers recognize this issue and offer corrective options in the display menu that tailor camera systems to the intended task. Depth perception is often difficult, as a wide-angled camera lens can distort images. Some camera models are equipped with a grid, which is overlaid on the image, allowing the operator to associate the grid lines with known distances, from the mounted location of the camera. Image clarity is critical for the ability of the operator to make informed decisions about what is seen in the camera system. High-definition (HD) systems provide the best image clarity, while low-resolution systems provide images that are pixilated, thus less clearly identifying detail in the display. It is important to pair camera and display capabilities appropriately, meaning that a display unit must have the capability of exhibiting the resolution of the image that the paired camera provides, and vice versa. Dust and debris are common contributors to image clarity issues. Whether the particles are suspended in the working environment or collected upon the lens, decreased functionality will be observed. It is recommended that all camera systems feature waterproof exterior hardware, to allow for routine cleaning and the removal of foreign matter. Lastly, image clarity is highly subject to the quantity of light available. Too little or too much light will adversely affect the operator's ability to effectively use the system. Poor placement, low-angled sun, and/or poorly placed exterior lighting can all produce image glare, as a result of too much light. Too little light will not allow for the sufficient identification of hazards; however, similar effects are observed with mirrors.
Hitching Process Protection for the Assistant
Prior to moving an agricultural machine, the operator should conduct a 'walk-around' of both the machine, and any associated implement (either hitched or to be hitched), in order to identify possible hazards that may not be visible from the operator station [12] . Hitching is a dangerous process, especially if done by an assistant between the machine and the implement-and thus in the operator's blind spot. To avoid that situation, it's recommended that a hitching procedure be followed, which allows the assistant, through the use of appropriate standard hand signals and audible commands, to guide the operator in positioning the machine, while remaining outside of the machine's rearward-movement path [13] . When the vehicle reaches close proximity to the hitching point, it should be put into 'park' or shut off, and the key should be removed. The assistant then makes any necessary adjustments, returns to his position outside of the machine's path of movement, and proceeds to direct the operator by using hand signals to complete the hitching process. In some cases, the machines are so large that radio communications should be considered to aid in positioning the equipment, thus preventing a co-worker from having to enter a space outside of the operator's line of vision.
Also vital to the safety of those involved, is the steadiness of the implement being hitched, which, if not stable, can become dangerous if bumped. To prevent unintended movement of the implement, its wheels should be chocked, or if a parking brake is equipped, it should be engaged; it should also be equipped with sturdy, easily adjustable jack stands.
Furthermore, it is recommended that implements are equipped with hitches that accommodate adjustments for misalignment to reduce or eliminate the need of an assistant to stand in dangerous proximity, between the vehicle and the implement [24] . These accommodations are available in many forms, such as telescoping tongues, telescoping arms, lateral and vertical adjustability on a three-point hitch, and/or tapered or wedge-shaped guides (often used on quick hitches).
Conclusions
Comprehension of incidents involving rearward travel of agricultural machinery is often problematic, in part, due to the incident-recording agency's categorical classification of 'runover.' Our investigation of 35 documented cases of such 'runovers' revealed the common factors that contributed to fatalities: the operator not being able to maintain visual contact with a known assistant, the operator not realizing the presence of an unknown bystander in dangerous proximity, and the operator not being able to identify a stationary object or hazard.
Additional research will be needed to more fully understand the complexity of runover incidents, and thus better evaluate potential solutions for reducing future occurrences. However, it seems that those solutions would likely involve modifications of equipment and/or addition of aiding technologies such as properly positioned mirrors, proximity sensors, camera/monitor systems, backup alarms, and autonomous camera/sensor-based intervention's, that would inform both the operator
